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Screening Chemotherapeutants for Control 
of Oak Wilt1• 2 
By PAUL F. HOFFMAN 
Oak wilt, caused by the fungus Chalara quercina H. ( 6), has been 
present in the upper Mississippi valley for many years. Warder in 
1880 (10) and Tiemann in 1927 (9) re.ported oaks dying in Wis-
consin with symptoms now recognized to he characteristic of oak 
wilt. Today oak wilt is known to he distributed over the entire state 
of Iowa with the exception of the northwestern corner. The disease 
is considered one of the principal problems encountered in oak pro· 
duction in the central hardwood region and considerable emphasis 
has been placed on the development of suitable control methods. 
Efforts to control oak wilt have consisted of various eradication 
measures ( 3, 4) . Experiments in which all infected oaks in an area 
and all healthy red oaks within a 50 foot perimeter circle were re-
moved resulted in control of wilt at Dolliver Memorial State Park 
near Fort Dodge (11). When only diseased and dead trees were re-
moved results were favorable hut somewhat more variable ( 3). 
Pruning of trees in the white oak group has shown some promise 
hut results are dependent on the value of symptoms as an indication 
of the presence of the pathogen (11). In the red oak group all at-
tempts to control the disease by pruning have failed. 
Transmission of the oak wilt pathogen through natural root grafts 
(7, 8) explains why control by removal of diseased and nearby 
healthy trees is successful. Efforts to establish disease-free buffer 
zones around centers of infection have included various techniques, 
such as poisoning trees, severing root cqp.nections, and removing 
healthy trees. In urban areas, however, where trees have a high 
value, such control methods cannot be applied. For these area.;; 
some method of destroying the pathogen before it has spread from 
an infected tree to other valuable shade trees needs to he found. 
Success in the control of elm wilt (5) by use of chemothera-
pe.utants suggests that such measures might be effective for oak wilt. 
In a search for materials active in the control of this disease var-
ious chemicals were screened for capacity to inhibit spore germina-
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Table 1 ..... ~ 
Effect of chemicals on spore germination of Chalara quercina on agar plates. 
Percentage Percentage germination 
Chemical active Concentration of chemicals Check 
material 100 ppm 10 ppm 1 ppm 0.1 ppm 
Organic sulfurs 
Laury! pyridinium 2- (5-chlorobenzothiazyl) 
sulfide 25 0 2 70 76 89 ...... 
Hydroxy ethyl pyridinium 2-benzothiazyl 0 
sulfide 41 4 33 58 54 89 ~ 
Sodium salt of 2-mercaptobenzothiazole 45 11 62 83 90 89 > 
Sodium salt of 2-mercaptobenzothiazole + > 
lauryl pyridinium 2-benzothiazyl sulfide 0 6 43 71 89 
n 
> 
Sodium dimethyl dithiocarbamate + sodium t:! 
2-mercaptohenzothiazole 30 0 0 0 0 89 
t-:l 
rs: 
Disodium ethylene bisdithiocarbamate 30 0 0 0 10 89 -<: 
Ferric dimethyl dithiocarbamate 70 0 5 4 6 92 0 
Morpholine thiuram disulfide 100 4 17 18 70 93 ">j 
Tetramethyl thiuram disulfide 50 0 0 0 2 91 {JJ 
Sodium dimethyl dithiocarbamate 100 2 2 3 60 90 n ...... 
Organic sulfur compound 100 5 12 21 49 91 t-:l 
Nitrogen containing compounds z n 
Phenyl ethyl carbamate 100 94 94 92 95 96 t-:l 
Phenyl semicarhazide 100 53 77 94 96 96 
Pyridine 100 49 66 80 83 92 
Urea 100 64 78 86 89 92 
Thiourea 100 95 95 92 96 96 
Phenyl thiourea 100 87 95 94 95 96 
1-p-sulfamyl phenyl 3, 5-dimethyl 
4-nitroso pyrazole 100 0 16 61 93 92 ...-., 
2-hepta decyl glyoxalidine 54 0 8 10 23 91 
< 
~ 
In organics t/1 
Cuprous oxide 90 0 2 22 87 90 00 
Copper sulfate 100 0 0 74 76 95 
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Table 1. (Continued) ..... 
'° CJl 
Percentage Percentage germination 
..':::::: 
Chemical active Concentration of chemicals Check 
material 100 ppm 10 ppm 1 ppm 0.1 ppm 
lnorganics (continued) 
Potassium permanganate 100 0 86 96 88 92 
32% copper 18% zinc chromate 50 49 90 94 99 100 
40% copper 10% zinc chromate 50 2 31 52 79 91 
Copper oxychloride sulfate 100 14 19 63 80 90 
Quaternary ammoniums n 
Diisobutyl cresoxy ethoxy ethyl dimethyl 0 
benzyl ammonium chloride 100 0 10 19 34 90 
z 
>-3 
Diisobutyl phenoxy ethoxy ethyl dimethyl :xi 
benzyl ammonium chloride 100 0 21 60 93 90 0 t"' 
Dialkyl dimethyl ammonium bromide 75 0 0 57 63 91 0 
Quaternary ammonium pentachlorophenate 38 0 0 68 81 90 ""i 
Quaternary ammonium derivative of boron 100 2 2 3 91 90 0 
Dilauryl dimethyl ammonium bromide 70 73 99 98 99 100 > 
Crystal violet 100 0 0 0 0 92 
:;<:: 
Malachite green 100 0 0 0 0 92 ~ -Quaternary ammonium compound 50 0 0 0 17 94 ~ 
Phenols and alcohols 
Sodium dinitro·o-cresolate 19 46 70 61 79 95 
Catechol 100 56 96 % 95 96 
p-nitrophenol 100 5 79 82 84 92 
Phenol 100 49 67 72 73 93 
Picric acid 100 1 3 47 63 92 
Pyrogallol 100 72 96 95 96 96 
Thymol 100 3 72 78 80 92 
Hydroquinone 100 2 9 61 74 92 
Resorcinol 100 65 65 76 94 92 
Polyethylene glycol 1000 dioleate 100 78 80 80 82 93 .... "" .... 
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Table 1. (Continued) .... ~ 
Percentage Percentage germination 
Chemical active Concentration of chemicals Check 
material 100 ppm 10 ppm 1 ppm 0.1 ppm 
Phenols and alcohols (continued) 
Bis-5-chloro 2-hydroxy phenyl methane 100 3 9 15 14 91 
Sodium trichlorophenate 85 1 2 2 67 93 
Zinc trichlorophenate 50 2 13 30 53 91 
Sodium pentachlorophenate 90 1 13 75 90 90 -0 Quinones 
~ p-quinone 100 0 78 94 95 96 
2, 3-dichloro 1, 4-napththoquinone 50 0 0 0 23 92 > 
Tetrachlorobenzoquinone 98 0 68 69 68 95 n 
Indicators > 1:::1 
Coralline yellow 100 73 73 76 88 92 t<j 
Thymol blue 100 74 76 94 90 92 s:: 
Brom chlor phenol blue 100 71 75 78 89 92 -< 
Brom cresol purple 100 80 79 70 93 92 0 
Brom phenol blue 100 38 71 90 91 92 
"Zj 
Quinolines 00 n 
8-hydroxy quinoline 100 0 0 0 4 91 -t<j Copper 8-hydroxy quinoline 100 0 0 0 0 90 z 
8-hydroxy quinoline henzoate 100 0 0 0 0 90 n 
8-hydroxy quinoline sulfate 100 0 0 0 0 89 
t<j 
Quinoline 100 1 33 49 79 1!9 
Lauryl isoquinolium bromide 20 0 0 57 79 91 
Organic acids and derivatives 
2, 4, 5-trichlorophenylacetate 50 0 96 93 94 95 
Bismuth suhsalicylate 100 51 63 94 92 91 
Gallic acid 100 86 87 90 90 92 ,......., 
Benzoic acid 100 2 18 67 70 90 < 
Salicylic acid 100 49 88 86 92 92 ~ 
Tannie acid 100 76 89 94 93 92 <:11 co 
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Table 1. (Continued) ..... 
'° CJl 
Percentage Percentage germination 
~ 
Chemical active Concentration of chemicals Check 
material 100 ppm 10 ppm ppm 0.1 ppm 
Organic acids and derivatives (continued) 
N-(m-tolyl) phthalamine acid 100 68 76 75 84 95 
Diphenyl guanidine phthalate 100 1 8 16 47 91 
Dinitro capryl phenyl crotonate 25 1 64 87 93 100 
Naphthalene acetic acid 100 79 92 98 90 92 
Organic metal compounds (") 
Phenyl mercury lactate 100 0 0 0 0 90 0 
Phenyl mercury triethanol ammonium lactate 6 0 0 0 50 91 ~ 
Phenyl mercury monoethanol ammonium acetate 11.5 0 0 0 82 100 
..., 
::0 
Phenyl mercury salt with thiazole group 100 0 0 0 0 90 0 
Phenyl amino cadmium dilactate 100 0 10 14 92 90 t-< 
Phenyl mercury acetate 100 0 0 0 3 91 0 ""i 
Organic cadmium salt 100 25 85 77 80 90 0 
Organic cadmium salt 100 25 61 77 79 90 > 
Cadmium succinate 60 72 80 87 91 94 :;>"1 
Miscellaneous ~ 
Unknown organic 100 2 78 80 94 90 
...... 
t-< 
Carosel 2 67 83 84 91 
..., 
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tion, ability to neutralize the fungus-produced toxin, and toxicity 
to host tissue. 
Chemicals for use in the spore germination studies were prepared 
according to the test tube dilution technique recommended by the 
American Phytopathological Society (2). Failure to obtain con-
sistently high germination of spores in drops of water resulted in 
the use of 2 pe.r cent agar plates with 1 per cent dextrose for making 
spore counts instead of the solution drop method recommended by 
the Society ( 1) . 
Of over 80 chemicals tested, 16 completely inhibited germination 
at 1 ppm and 8 were effective at .1 ppm (Table 1). The matefi.:1ls 
tested represent a wide variety of chemicals, including organic sul-
furs, quaternary ammoniums, quinones, quinolines, and heavy 
metal derivatives of organic compounds. 
If a chemical could be found which would inactivate the toxin 
produced by Chalara quercina ( 11) it might be possible to prolong 
the. life of an infected tree by its use. While this would not be a 
satisfactory control measure in itself, since the fungus would con· 
tinue to grow, it is entirely possible that a chemical capable of 
inactivating the toxin would also serve as a fungicide and hence ful-
fill a double role.. 
Known amounts of various concentrations of chemical solutions 
were added to equal quantities of toxin-containing filtrate produced 
by the fungus growing for 30 days at 25° C. in a medium consisting 
of 1-asparagine, 2 g; yeast extract, 4 g; KNO,i. 1 g; NH4 N03 , 1 g; 
KH 2P04 , 0.5 g; MgS04 • 7H20, 0.25 g; dextrose, 25 g; and distilled 
water to make one liter. Cuttings of Bonny Best variety of tomatoes, 
6 to 8 inches tall were placed in test tubes containing chemical plus 
toxin, and held in a water bath at 14° C. to suppress growth of bac-
teria. After 48 and 72 hours the amount of wilting was recorded on 
a scale of 0 to 10, in which 0 stands for a plant showing no wilt and 
10 for a plant completely collapsed. 
Most of the chemicals tested exhibited some degree of toxin in-
activation, Table 2, but no particular group of chemicals was su-
perior to the others based on the. amount of wilting. A phytotoxic 
effect was observed in a few cases, where the incidence of wilting 
was higher in treated plants than in che.ck plants which were held 
in tubes containing only medium plus toxin. 
A successful chemotherapeutant should possesss several attributes 
in addition to fungitoxicity at low concentrations. It should also 
be water soluble or available as a fine. suspension; it should have 
6
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Table 2. 
Wilting of tomato cuttings m mixtures of toxin and various concentration8 
of chemicals after 72 hours. 
Degree of wilting* 
Concentrations of chemicals 
Chemical added to medium + toxin Medium 
~~~~~~~~~~~~ + Medium 
1000 100 IO 
ppm ppm ppm ppm 
8-hydroxy quinoline 3 
Copper 8-hydroxy quinoline I 
8-hydroxy quinoline benzoate 7 
8-hydroxy quinoline sulfate 0 
Laury! isoquinolinium bromide 0 
Phenyl mercury lactate 
Phenyl mercury salt with 
thiazole group 0 
Phenyl mercury triethanol 
ammonium lactate 0 
Phenyl mercury acetate 0 
Tetramethyl thiuram disulfide 3 
Ferric dimethyl dithiocarbamate 4 
Laury! pyridinium 2- ( 5-chloro-
benzothiazyl) sulfide 2 
Sodium 2-mercaptobenzothiazole 
+ lauryl pyridinium 
2-benzothiazyl sulfide 9 
Sodium dimethyl dithiocarbamate + 
sodium 2-mercaptobenzothiazole 0 
Disodium ethylene 
bisdithiocarbamate 
Sodium dimethyl dithiocarbamate 0 
2, 3-dichloro I, 4-naphthoquinone 3 
Quaternary ammonium 
pentachlorophenate 3 
Diisobutyl cresoxy ethoxy 
ethyldimethyl benzyl 
ammonium chloride 0 
Dialkyl dimethyl ammonium 
bromide 0 
Crystal violet 5 
Malachite green 2 
Quaternary ammonium derivative 
of boron 0 
N-(m-tolyl) phthalarnine acid 3 
Diphenyl quanidine phthalate 4 
Dinitro capryl phenyl crotonate I 
































































































































*Based on a rating of 0 to 10, in which 0 represents no wilting and 10 complete 
wilting. 
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the property of being distributed readily within the host and should 
have a low order of host phytotoxicity. 
To determine the phytotoxic effect of several chemicals, selected 
on their ability to inhibit germination of Chalara conidia, cuttings 
of red oak were placed in beakers containing solutions of these 
chemicals and the de.gree of wilt and leaf necrosis was observed. A 
range of injury from none to severe was noted, but, in general at the 
lower concentration, injury was slight (Table 3). In field and 
greenhouse trials concentrations as high as 8000 ppm failed to pro-
duce comparable injury. Usually, however, in these trials concen-
trations of 1000 to 2000 ppm were used. 
Screening of more than eighty chemicals in a se.arch for chemo-
therapeutants to control oak wilt has revealed several compounds, 
from many organic groupings, which possess a high degree of fungi· 
toxicity, a low order of host phytotoxicity and the capacity to ne.v-
tralize the toxin produced by the oak wilt pathogen. No correla-
tion between type of compound tested and ability to inactivate the 
Table 3. 




Copper 8-hydroxy quinoline 
8-hydroxy quinoline benzoate 
8-hydroxy quinoline sulfate 
Laury! isoquinolinium bromide 
Dialkyl dimethyl ammonium bromide 
Quaternary ammonium derivative of boron 
Laury! pyridinium 2-(5-chlorobenzothiazyl) sulfide 
Sodium 2-mercaptobenzothiazole + lauryl 
pyridinium 2-benzothiozyl sulfide 
Sodium dimethyl dithiocarbamate + sodium 
2-mercapto benzothiazole 
Disodium ethylene bisdithiocarbamate 
Phenyl mercury triethanol ammonium lactate 
Phenyl mercury salt with thiazole group 








Concentration of Chemicals 



















moderate very slight 
none none 
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toxin was observed. The. fact that a wide variety of chemicals 
neutralize the toxin suggests a mechanism general in action rather 
than specific. 
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